ABSTRACT A national cohort based on the census at 9 November 1970 and the death registration files from 1970 to 1980 was analysed to see if skilled Danish bakers had an excess of respiratory cancer. The group of skilled bakers was divided into occupational subgroups to try to narrow down the possible causes of cancer. Significant excess mortality was found among skilled bakers in retail bakeries, skilled bakers in hotels and restaurants, and independent bakers. To adjust for confounding factors, the SMR was calculated with control groups of equal social status and smoking habits. With all skilled workers as the reference group, skilled bakers in retail bakeries still had an excess, but now insignificant, risk but skilled bakers in hotels and restaurants had a significant excess risk. Compared with all self employed people in urban occupations in which an average of six or fewer workers were employed as a referent group, independent bakers had an insignificant excess risk. Suspected carcinogens in bakeries include polycyclic aromatic hydrocarbons (PAH), reaction products of PAH, free radicals, n-nitrosodimethylamine, aflatoxine, sterigmatocystin, and zeralenone.
Lynge,34 Tiichsen,56 Hogstedt etal, 7 and Coggon.8 In two studies no excess risk was found,9 10 and in another Acheson et al have reported an insignificant excess risk of nasal cancer." A significant excess of lung cancer in cooks has been found in several studies' 348 12-14 The purpose of the present study was to investigate the mortality from lung cancer in bakers and to determine which subgroups among bakers accounted for the excess.
Material and methods
The study is based on a 10 year cohort file made by the Danish national bureau of statistics, Danmarks Statistik. The cohort includes everyone aged 20 to 64 in Denmark at 9 November 1970. Of 1401 967 men, 1 229 337 were economically active: 3418 men were in independent bakeries, 4048 men were skilled bakers Accepted 23 September 1985 employed in retail bakeries, 669 were skilled bakers in bread and cake factories, and 102 were skilled bakers in hotels and restaurants. No analyses were made on female skilled bakers because only 79 were so employed with a further 153 in independent retail bakeries.
In the 10 year follow up period 91 638 economically active men died. The cohort is based on three sources: (1) the census of 9 November 1970, (2) data as of 1 January 1981 from the Central Population Register (CPR), and (3) the death registration files from 1970 to 1980.
The CPR contains information about everyone who has resided in Denmark since the foundation of the register in 1968. Each person has a permanent personal identification number, the CPR number.
The census data were registered according to CPR numbers. By matching the census file and the CPR file everyone in the census population who died, emigrated, or disappeared during the 10 year period 9 November 1970 to 8 November 1980 has been identified.
The death registrations from 1973 to 1980 containing medical information were also registered according to CPR number. The cause of death for those in the census population dying between 1 January 1973 and 8 November 1980 could therefore be found by matching the death registration files with the com-516 We have reanalysed a survey carried out in 1973 that included a representative sample of 4572 male labour union members in order to compare the smoking habits of the bakers with those of other workers. Twenty one (32%) of the bakers were non-smokers whereas 1330 (29%) of all the respondents were nonsmokers. The difference is not significant (X2 = 0-24 and p = 0-63).
In 1982 we made a representative survey of all members of the Bakers', Confectioners', and Mill Workers' Trade Union in Denmark. Practically all workers are organised and the response rate was 64%. Some of the respondents were not willing to tell the name of the firm but the number of male respondents in firms that were identifiable in the industry file in Denmark's statistical bureau was 974, 88% of the respondents. Table 2 shows the smoking habits.
The highest proportion of heavy smokers is found in bread and cake factories where no excess mortality from lung cancer was found. Relatively few heavy smokers were found among bakers in hotels and res- Excess risks of lung cancer in bakers have been 1966.10 None of the studies mentioned above has split the data into occupational subgroups. The proportions of retail bakeries would possibly differ widely in various countries. Many bakers working in factories had formerly worked in retail bakeries. Probably, therefore, the difference in mortality has been underestimated in the present study and it is not unlikely that differences in mortality in various countries are also mainly due to this fact.
In Sweden the industrialisation of bakeries started some years before it started in Denmark, and the development has been more pronounced. The relative decrease in lung cancer morbidity among bakers in Sweden may be due to this fact. In a national survey of nasal cancer in England and Wales Acheson etal 519 reported an excess of uncertain significance among bakers and pastry cooks."1 Bakers and cooks have several working conditions in common. Both groups work abnormal hours, and they handle flour, butter, milk, and eggs.
Using a job exposure matrix in a case control study, Coggon et al have found an excess risk for carcinoma of the bronchus among cooks; the relative risk was 6.7.12 An earlier Danish study by Lynge showed that skilled bakers and cooks had an excess lung cancer mortality in the years 1970 to 1975.34 In a more detailed analysis of the same cohort we found that the excess risk was concentrated among skilled bakers in retail bakeries who had an SMR of 224. Self employed bakers had an insignificant excess risk (SMR 137) . No excess risk of cancer of the respiratory tract was found in unskilled male workers in bread and cake factories or mills, nor in female workers in bakeries, bread and cake factories, or mills. 5'6 In the 10 year cohort the SMR due to cancer of the respiratory tract for cooks was 252.14 SUSPECTED CARCINOGENS IN BAKERIES At least four hypotheses concerning the nature of carcinogens in bakeries may be drawn up. None has been confirmed.
( This hypothesis agrees with the finding of no lung cancer mortality in mill workers, few deaths among skilled bakers employed in cake and bread factories, and excess mortality in skilled bakers and independent bakers in retail bakeries. The decreasing incidence of lung cancer in bakers, found in Sweden, fits well with the rapid decrease in the number of retail bakeries in Sweden. The excess risk for cooks and bakers working in restaurants may also be due to PAH. For employees in restaurants the occupational exposure to PAH is considerable. The concentration of BaP in the working atmosphere varies from 30 ng/m3 air up to 140 ng/m3 air in restaurants in the United States. This quantity will result in a daily intake of 800 ng BaP for employees in restaurants.2021 The sources are cooking and smoking.
(2) Fat, which is not pyrolysed into PAH, may nevertheless be transformed into free radicals known to be potent carcinogens.
(3) Some micro-organisms such as Aspergillus flavus, Aspergillus parasiticus, Aspergillus nidulans, and Aspergillus versicolor, which may be found in grain, bread, and bakery moulds, are known for their ability to produce aflatoxin and sterigmatocystin which are both potent carcinogens.22-25 Zeralenone is produced primarily by members of the Fusaria group and has been found in cereal products in Italy, in wheat in Hungary, 26 and in grain dust in the New Orleans area in the USA.27 Zeralenone has been tested for carcinogenicity in rats and mice. There is limited evidence for carcinogenicity in experimental animals.26 Forced ventilation usually brings the humidity in bread and cake factories down to low levels. In retail bakeries this is not usually so. Therefore, it is possible to find moulds in retail bakeries but usually not in factories or in mills. Ten The fact that no death from lung cancer has been observed among mill workers does not necessarily mean that micro-organisms are not responsible for Tuchsen and Nordholm the lung cancer mortality in bakers. The humidity in bakeries is often high and enables fungi to grow and produce toxins.
In Germany grain is sterilised before it is soaked but this process is not widely used in Denmark, especially not in retail bakeries. So, if fungi in fact are a source of lung cancer in bakers we would expect a lower mortality from lung cancer in Germany compared with Denmark, which is actually confirmed by the findings of Doerken and Rehpenning. '0 If any of the hypotheses concerning carcinogens produced by fungi are true then prevention should be possible. For reasons ofhygiene it is also important to reduce the number of micro-organisms in grain and to prevent moulds in bakeries. Exposure to grain dust must be reduced especially in order to reduce the risk of grain dust allergy.
